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By William Fail] 
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l»*Uanee tbe two resisting forces of t.n • ^ ^ 

wroug-ht-iron tubular cn^er iT^J^ T """"^ compression in a 

tion^ area of the bottom^houM ^^^ ^P^ that the s" 

^ 11 tal2; which being the corT J^ T T^''''^ ^^^^ of the top, 
parts, it then follows, thafblr^t- '^^^'"'^^ proportion of tho^ 

portionate additio? to ^he"^ XT X" b^^^^^^ o»e without a pro- 
weaker ; inasmuch, as incrL^ wL 'hf • "^^^ "^^ **^ rendered 
the introduction of « '"'"'^^^ ^^'S^^* « given to the girder by 

Instance, is totS/L^^^ -'M^^' - th^ 

portance to «r««.^ V ■*^^** *^*"^ ^*"® «**«» i* «« of im- 

polu^n of ^1^^^ "r'^ ^ P^^^'«* *he <^orrect relative pro- 

tH^ two riistLrr ' '° 7**^' "^ ^'^""'^ ''^^ maximum of strength in 
^^n^all^T^ ^. ""^ ^^ ^^'^^^'^ *"^ compression-an arrangement 
^Ihe ^o^T""!: "!,' "^ '^'f'^ structures, and also in the applieation 
of the formula to determine the ultimate strength of the girder. 
Jt, tor example, an excess of material was given to the bottom of a 

girder, the formula, W=-^^-j-?, would hot apply, as the top and 

bottom areas would be disproportionate to each other, and that in 
excess would have to be reduced to the due proportion of 1 1 U> 12 ^ 
or, in other words, the additional strength must be omitted from 
the calculation, in computing the strength of the bridge. Xhe same 
reasoning will apply, where the excess of area happens to be in the 

cellular top, although in this case the formula, W = — 7 — , still 

applies, as the excess cannot be considered in the calculation of the 
strength of the girder. 

A.ssuming, ho'wever, that these proportions are maintained, the 
above Fommlst furnishes a correct principle, on which to estimate 
the strength of ivrought-iron tubes of this description, whatever 
,inay be their depths, or their relative dimensions.* 

In the case of the Xorksey Tubular Bridge, of 130 feet clear span, 

« X^r. Xate an emiDeztt jnathematiciai;!, remarks upon the formula — 

let. With respect to ^^ =» — 7— » where a is the area of the section of the 

bottom and c -= SO, the constant deduced on this sopposition, will «K>ly *<» •" 
denths 'of the tttl>e, within short limite of error, where goch depths, ^r « »*•« 
lai^ in proportion to the depth of the oelta, and the thicknes. of tbe plates- 
2nd. With respect to the formula W - i^. when a is the ««a o/thc ^hole 

J o«. T then the tubes should be simUar in all respects, *>°* * 

secfaon, and c ^^^.J'^^f^^ that of similar form, will not produce mneh 
slight variation »° ^rPfj-^^epth is eo»ide«bIe. At the 8«»e time it -»»»*^ 
^^^nr^.'i*^*^^-*- •«'^'' ^"^ g^atex^^. where the tabes «-e 
similar- 
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Every structare having for its object public convenience and the 
support of a public thoroughfare, should possess vithin itself the 
elements of undeniable security. Bridges and viaducts should 
especially contain those elements, as they are peculiarly liable 
to accident ; and from whatever cause such accident may arise, the 
community must be equally interested in the strength and dura- 
bility of the structure. In the introduction of a new system of 
construction, comprising the use of a new and comparatively untried 
material, it behoves the projector, on public grounds, to be careful 
and attentive to the most minute circumstance directly, or indirectly 
affecting the security of the bridge. In those of the tubular con- 
struction, considerations of this kind are of primary importance, as 
much depends, not only upon the principle of construction, but 
upon the quality of the material employed and of the workmanship 
introduced, which in every case should be of the very best descrip- 
tion. 

In the construction of tubular-girder bridges, the Author has 
endeavoured to apply these principles ; and having a strong con- 
viction of their great superiority in strength, durability, and cheap- 
ness, for traversing large spans, he has not hesitated to advocate 
their introduction. It, however, becomes necessary, from time to 
time, to submit them to a rigid examination, and before opening 
such bridges as public thoroughfares, it is essential to subject them 
to severe and satisfactory tests. These tests and examinations have 
been various and frequent, and it may safely be affirmed, that in no 
case, where tubular-girder bridges have been duly proportioned and 
well executed, has there been the least reason to doubt their security. 

The lirst idea of a tubular-girder bridge originated in a long 
series of .experimental researches, and during their first application to 
railway constructions, the utmost precaution was observed in the 
due and perfect proportion of the several parts. These proportions 
were deduced from the experiments made at Millwall, upon the 
model of the Britannia Tubular Bridge ; and, after repeated tests 
upon a laige scale (full size), the resisting powers and other proper- 
ties of this kind of bridge were fully established. From these 
experiments a foriikula was deduced, for calculating the ultimate 
strength of every description of bridge, froni 30 feet up to 300 feet, 
or even to 1000 feet span ; and as that formula is now before the 
public, it is believed, that it may be relied upon as perfectly accu- 
rate. To relieve it, however, from anything like ambiguity, it 
will be well to state, briefly, certain points which should be taken into 
consideration in its application. 

It has already been determined by experiment, that in order to 
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balance the two resisting forces of tension and compression in a 
wrought^iron tubular girder, having a cellular top, that the sec- 
tional area of the bottom should be to the sectional area of the top, 
as 11 to 12; which being the correct relative proportion of those 
parts, it then follows, that by any increase to the one, without a pro- 
portionate addition to the other, the bridge will be rendered 
weaker ; inasmuch, as increased weight is given to the girder by 
the introduction of a useless quantity of material, which, in this 
instance, is totally unproductive. This being the case, it is of im- 
portance to preserve^ as nearly as possible^ the correct relative pro- 
portion of the parts, in order to ensure the maximum of strength in 
the two resisting forces of tension and compression — an arrangement 
essentially important in these structures, and also in the application 
of the formula to determine the ultimate strength of the girder. 
If, for example, an excess of matexjal wa3 given to the bottom of a 

girder, the formula, W^^^, would hot apply, as the top and 

bottom areas would be disproportionate to each other, and that in 
excess would have to be reduced to the due proportion of 11 to 12 ; 
or, in other words, the additional strength must be omitted from 
the calculation, in computing the strength of the bridge. The same 
reasoning will apply, where the excess of area happens to be in the 

4» a d c 

cellular top, although in this case the formula, W = — r— , still 

applies, as the excess cannot be considered in the calculation of the 
strength of the girder. 

Assuming, however^ that these proportions are maintained, the 
above formula furnishes a correct principle, on which to estimate 
the strength of wrought-iron tubes of this description, whatever 
may be their depths, or their relative dimensions.* 

In the case of the Torksey Tubular Bridge, of ISO feet clear span, 

* Mr. Tate, an emiDetit ;D(iatheniaticia];i, remarks upon the formula — 

Ist. With respect to W s — p- , where a is the area of the section of the 

bottom, and e « 80, the constant deduced on this supposition, will apply to all 
depths of the tabe, within short limits of error, where such depths, ^r a are 
large in proportion to the depth of the cells, and the thickness of the plates. 

2nd. With respect to the formnia W «• — -^ — , when a is the area of the whole 

section, and c = 26*7, then the tubes should be similar in all respects, but a 
slight variation in depth, from that of similar form, will not produce much 
error, especially where the depth is considerable. At the same time it must be 
observed, that both formulee apply with great exactness, where the tubes are 
similar. 
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dimensions of the girders in the mi( 
Plate 11):— 

X^ONAL AbEA of the ToP. 

Ft. In. In. In. In. 

lates . . 2 8| X 2 X t » 24'47 
• • • . 1 U X 3 X ^ » ]2«42 
.... 4i X 9 X A = 13'35 



ir top as given bj Mr. Fowler . 50 '24 
1 by Capt. Simmons . . • . 51*72 



Mean . . • . 50*98 
criOMAL Area of the Bottom. 

Ft. In. In. In. In. 

plates • . 2 9 X 2 X t » 41*25 

• • . . 1 X { s 9*00 

). • • . 3fX2X|2= 4*68 

Area of the bottom . . . 54*93 

evident want of proportion, the bottoi 
the top, which renders ^a reduction of i 

3 girder from 54-93 to 46'76 absolute! 

- - _ «^c 46-76 X 120 : 
formula,W = -^, or, j^^^ 

ons the breaking weight in the middle. 

4 = 1152 tons, as the breaking weight, 
} of the spans of the Torksey Bridge, ne 
rs, ballast, rails, chairs, &c., which are di: 
t be deducted from die breaking weigh 

nates an equal distribution of the load 
:& span of 130 feet, as follows : — 

Tons. Tons. 

chairs 8 1 

atform 15 

e beams ..27 

inches thick ...... 35 

weight of the foor girders, ] 
ire each 46 tons in weight (it I 
have been the whole weight j ^^ i 
lually distributed) . . . j J 

lust be added the rolling load, as 
ipon between Mr. Fowler and Oipt. 
iS • • . . . 






= 177 



= 195 



Total load .... 372 



miciille, sus 



5 

3 



torn being 
£ tbe area 
tely neces- 



e. 



yrom 

iffbrentJy 
[It o£ tbe 



I on 



the 
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«>1 lows that 177 being a constant will reduce its bearing power^ to 
r '^ JT '®®*^ resisting force to the heaviest rolling 

^^Vo/f** ^'^ ^® brought upon the bridge, being- in the ratio of 975 
to 195, or 5 to 1.* These appear to be the fects of the case; 
and a.Ithough the principal girders do not attain the standard of 
streng-tb which the Author has ventured to recommend, as the limit 
o^j^orce ; they are, nevertheless, sufficiently strong to render the 
bridg-e perfectly secure. In the calculations for estimating the 
strGn^li of bridges of this description, it is always assumed, that the 
jpxxypartiaiMs of the top and bottom of the girder are not only 
correct, but that the sides are sufficiently rigid to retain the girder 
in sbape. It is £urther assumed, that the whole of the plates are in 
tbe line of the forces, and that the workmanship and riveting are 



On the excess of strength that should be given to girder bridges, 
tbere is a diifference o£ opinion. The Author, however, entertains 
a. eonviction that no ^rder bridge should be considered safe, unless 
it be tried under four times the greatest load that can be brought 
upon it 5 and in vrroug^ht-iron tubular-girder bridge, the breaking 
^reio-bt is computed at 12 tons to the lineal foot, inclusive of the 
i^eig'bt of* the bridg-e, or about six times the maximum load. 

On this calculation, the Torksey Bridge should have been con- 
structed according- to the following tables (page 8), which exhibit 
the strengths, proportions, and other properties of the girders, 
wbicb are recommended in structures of this kind, and for spans 
from 30 feet up to 300 feet. ^ . *^ 

Tbe first columo gives the length of the clear span firom pier to 

^^%'h^ second, the breakingr weight of the bridge in the middle. 
TbB ^S. the area of the platea and angle-iron of the bottom of 

tbe girder. ^^^ ^j,^^ ^^ 

T^: S^^Tjl^t ^-P^^ of the gilr in the m iddle. 

.1 t.^ gome engineenv as very important to the »tr^»^«f 
* It U» considered ^^„ aho„id be oontiiraoM, or extending orer two, c^ 

tbese bridge*, that the »''r ^^,j^ co„^ ,„ , certain extent, and alfl«>»f^ *?* 
mor«, sp««.«. This x^«o^°«5^^«„„ j, „eyerthele« pnrpo«>Iy »««V«^^ 
fSict ia admitted, ye* ***** ^uary wpport of that kind acting: merely as a <^ 
^^ caloatotioM ; f?^J^^r^to t^t the subject on the principle of com 
S^i-e. Iti»co»-Wened^fe;.^p,^^,p^Jyj„aependentg«d^ 
passing each of the sp"" 
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portions of Tdbulab GtBtasA Bbidohb, 
ire the depth of the girder is <^th of the 



Sectional Area 
of bottom of 
one Girder. 


Sectional Area 

of top of 

one Ofrder. 


Depth at tlM 
Middle. 


Inchei. 


Inehea. 


Feet. In* 


14*63 


1706 


2 4 


17*06 


19*91 


2 8 


19*60 


22*75 


3 1 


21*9.4 


25*59 


3 6 


24*38 


28*44 


3 10 


26*81 


31*28 


4 3 


29*25 


34*13 


4 7 


31*69 


36*97 


5 


34*13 


39*81 


5 5 


36*56 


42*67 


5 9 


39*00 


45*50 


6 2 


41-44 


48*34 


6 7 


43*88 


51*19 


6 11 


46*31 


54*03 


7 4 


48*75 


56*88 


7 ^ 8 


53*63 


62*56 


8 6 


58*50 


68*25 


9 3 


63*38 


73*94 


10 


68-25 


79*63 


10 9 


73*13 


85*31 


11 6 



portions of TubcIiAii Girder Bridges, 
ere the depth of the girder is -^th of the 



Sectional Area 
of bottom of 
one Qirder. 
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Depth at the 
Middle. 
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Feet. 


In. 


90*00 


105*00 


10 
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95*63 


111*66 


11 
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101*26 


118*13 


12 





106*88 


124*69 


12 
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112*50 


131*25 


13 
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118*13 


137*81 


14 





123*75 


144*38 


14 


8 


129*38 


150*94 


15 


4 


135*00 


157*50 


16 





140*63 


164*06 


16 


8 


146*25 


170*63 


17 


4 


151*88 


177*19 


18 





157*50 


183*75 


18 


8 


163*13 


190*31 


19 


4 


168*75 


196*88 


20 






ken the depth of the girders at -fgih of th< 
not exceed 150 feet it has been fonnc 
h of the span. For spans above 150 fe 
»X)nnt of the great weight of the gii 
>n of one-fifteenth, in order to keep the 
s possible, and to prevent oscillation n 
re it is objectionable to increase the d 
ential to increase the sectional areas 
the ratio of the depths. 
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In. 
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4 
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8 
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1 
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lO 
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7 




£» 


O 
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5 


9 
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2 
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7 
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11 
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lO 
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11 
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I« these tables, the breaking weights of aU the ^«lers are cal- 
ool.^ fi., ,,e fonnula W = ^; a. for e^a^ple :- Taking 

W "^ ?he W- "^"^^^ ."'""^ *" ^* -^ Torksey, 130 feet span ; 
rf- 120 LlT .^^7^"?^*^ «= area of the bottom 6338 inJh^, 
rf-l^O inches the depth of the ^rder, o = 80 the constant deduced 
f^^!t ^P-^nents, and / = the len^h, 1560 inches, between the 



Hence W ^ 2^ 



38 X ISO X 80 



1560 



= 390 X 2 = 780 tons, the break- 
ing weigrht of the bridgre in the middle, or 1560 tons equally dis- 
tnbuted over the surface of the platform of the bridge. 

From this it will be observed, that after deducting the permanent 
load of the Torksey bridg-e (177 tons), there remain 1383 tons, as 
re»isting force to the travelling load of 195 tons, which, according 
tQ calculation, is rather mare than seven times the greatest weight 
tbat can be passed over tbe bridge,* 12 tons per lineal foot 
being assumed as the measure of the strength of a tubular girder- 
,l>ridge, for a double line of rails, and which will cover all con- 
tingencies, either as regards the freight of the bridge, the permanent 
load, or the forces by which it may be assailed. 

Another subject of importance is the force of impact and the 
efiects of vibration, on bridg'es of this description ; and although it 
is only recently, that the Author lias had the advantage of reference 
to the highly valuable Report of the Commissioners appointed to 
Xnquire into the Application <>£ Iron to Railway Structures, he is 
nevertheless of opinion^ that the principles upon which he has en- 
deavoured to establish the construction of these particular bridges, 
ever since their first introduction, is perfectly secure, and may be 
relied upon as being calculated to meet all the requirements and 

the conditions of railway traffic. 

He cannot agree with the Qom missioners in some parts of that 

* Since the Table referred to al>ove was f^^f^"^'""^.^^^^ 
olosely adhered to in the calc^^-s ^^ tb^^ rl^;«f^r foot 

wrougbt-iron tubular girders dixnng ^^^ bridges, from 40 feet up to 100 feet 
has been taken as the permanent ^^*^ , j ^j f^t ; and in spans varjing from 
span, and the rolling load as 2 tons P®^^ ^ ^^ bridge is estimated at 1^ tons 
1 oa np to 300 feet, the permanent weign« ♦ ^ a tons per lineal foot. For prac- 
per lineal foot, and the rolling load ^^^ ^^ i^ perfectly safe; although in 
•tieal pu.rposes these proporUons are latLO. ^^^igiit of the structure becomes 
fspans above 300 feet, where the P^^^^^^es necessary to introdace into the 
^ large proportional of the load, it ^™^^ ^^ may be seen in those for the 
oalcimtotion new elements as '"^SST^ Jl^f^^ ' 
^^«mia and Conway Tubular Bridges. 
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i experiments' therein referred to, dc 
t of increased deflection at high veloc 
nducted experiments on tubular g^i: 
; from 60 feet to 100 feet, the defle 

as possible, the same at all velocities ; 
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bridge 60 feet long. It is true the C 
% have qualified the results obtained i 
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deflection was reduced from an increas 
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L velocity of 30 miles an hour, to -f th o 
eet span, at a velocity of 50 miles an he 
b the larger the bridge, and the greater 
girders, the greater will be the reductioi 
oad. In the tubular girder-bridges, e 

must be observed, that the Commissioi 
were they acquainted with the stren^ 
ties of girders, composed of wrougiit-i 
ction due to the passing load, appears tc 
{, and unless there exist irr^^arities j 
ending to cause a s^es of impacts, it i 

that the deflections are not seriously, i; 
>citie8. 

;t, the Author perfectly concurs in opin 
, that the deflections produced by 
t iron, is nearly as the velocity of imps 
ater in proportion to the velocity.* Th 
itions are extremely valuable, 
bridges is a part of the inquiry which 
in order to maintain unimpaired the elas 
f the tests should not exceed the great 
led to bear at high velocities ; in fact, i 
it in assuming, that the flexure of t 
3eed one-third of their ultimate deflectic 

the efiects of reiterated flexure are cc 
constructed bridge, of similar proportic 

imifisioDers appointed to Inquire into the Apr 
uctures. Folio. Plates. London, 1849. 
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to those given in the table, than those of cast iron. The deflection 
produced in these constructions, by the greatest load, will not be 
more than one-sixth of the ultimate flexure of the girder. On this 
subject, the efiects of impact and the resistance of tubular girders to 
a rolling load, were strikingly exhibited, in the experimental tests 
made on the first construction of this kind, erected for carrying the 
Blackburn and Bolton Railway across the Liverpool and Leeds 
Canal, at Blackburn. 

That bridge is 60 feet clear i^Mm,.and three locomotives, each 
weighing 20 tons, coupled together, so as to occupy the entire span, 
were made to pass over, at velocities varying from 5 miles to 20 
miles an hour, producing a deflection, in the centre of the bridge, of 
only ^ths of an inch. Two long wedges, 1 inch in thickness, 
were then placed upon the rails in the centre of the span, and the 
fall of the engines from this, when at a speed of 8 miles to 10 miles 
an hour, caused a deflection of only *420 inch, which was increased 
to * ^4, or about i an inch, when wedges H inch in thickness were 
substituted. These were severe tests, and such as would not be 
generally recommended, as the enormous strength of these girders 
is now well understood, and they may safely be considered fit for 
service, after being subjected to the heaviest rolling load, or one-sixth 
of the breaking weight, taken at high velocities. 

The paper is illustrated by a model and by diagrams, showing the 
construction and dimensions of the bridge, from which Plate 11 
has been compiled. 



Previous to commencing the discussion on the paper,— 

Mr. C. Mahby, Secretary, stated, that the subject of the Torksey 
Bridge had already been twice brought before the Institution ; first, 
at the meeting of January 29, 1850, when Mr. J. Soott Bussell 
begged to detain the meeting for a few minutes, for the consider- 
ation of a question of considerable importance to the profession. 

The Royal Charter stated the Institution to have been incor- 
porated, '' for the general advancement of mechanical science, and 
*^ more especially for promoting the acquisition of that species of 
^^ knowledge which constitutes the profession of a civil engineer." 
It was generally considered, that any question vitally aflecting the 
interests, or professional dignity of Civil Engineers, could not be 
submitted to a better tribunal than that of the Council of the Insti- 
tution ; to that body, therefore, he would, in the name of a large 
number of professional brethren, address himself. 

It was well known, that /or some time past there had been many 
attempts to restrict the free exercise of the talent and ingenuity of 



iULAB. OIRDBB BRIDGES. 

srfere with the progress of mechanica 
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, which, in the Report of the Commission 
3d to be applicable to cast iron only. ' 
this decision, or rather of this application 
L to a modern invention, was, that the pul 
ne month deprived of the use of an import 
le probable consequence was the condemiiat 
le railway girder-bridges, which had for yc 

greatest loads that could be imposed on th( 
ices of their traffic, and the possible reii 
I of that magnificent monument of engineer 
■idge. 

ic to decide, how long the communications 
> interrupted, and the invested capital rem 
was for civil engineers to consider WhetJ 



Commissioners appointed to Inquire into the Apj 
Stmctares. Folio. Plates. London, 1849. 
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P«*-«3^. becau:^ t "Iffi^ -^the ban of p„>re«io«al incon. 

eI.o«r, that if the bridR« to J^ t^l^- I* '^ould be easy to 
««o«^h half the ^«lerb„5^'":fj^ '^'^^' ^ »°* ^"^ 
«««»u« for the public ser.io^^'S^^^^''*^' ^^^ '^^- 
tlieir duty, and exhibited n« Z^Z • ^ *" y«*™ performed 

tb^^ tb^ did when tW w^r/^?' ^*^ <»f -«»k«e« at p^„t 
officer to be perfectly ^^^o^^. ^ the same Govenamen 
must submit, that it wL d™^^ 5 **• '^*'* "^^ Parliament. He 
tetion should beat thnl^^^i-"^ '** *^* Profession, that their «p„! 

^a this had been decided on without any notice to the public, to 
tbG J^ailway Soards, or to the engineers, in any way. 

Under such circumstances, he would submit, that the body of the^ 
profosslon naturally looked up to the Council for support and aid, 
EMM r^jpresenting*, in the proper quarter, the ^evous wrong- under 
ixioh tliey were sufiering;-, and fix>in the high character and standing 
^ tlio Jlff^embers of the Council, he was induced to hope confidently, 
a,t tlie appeal w^ould not be made in vain, for their careful con. 



tlio Jlff^embers a£ the Council, he was induced to hope confidently 

€>iMSLt^ tlie appeal w^ould not be made in vain, for their careful con* 

jsldetz^atioxi €>£ all the circumstances, and their taking such steps as 

t^lM^ Oimajrter would permit, and as would appear to be most prudent, 

2ixici clig'wii&Gdy £or relieving^ the profession from the trammels which 

<^jir^x-e MM€>^^ attempted to be imposed upon its members. 

e subject was a^ain formally alluded to at the meeting of Feb- 

.^tb, J850, when Mr. J. Scott Kuss£x.i. inquired whether 
^^ ^^^ ^ 2,^^ been taken by the Council, in consequence of the 
«^^temoot stMhmitted at the meeting of Tuesday, January 29? He 
ZJ ^^ to urg-e the consideration of the manner in which the 

- ^~«te or tHG public and of the profession, were likely to he 
*^ V^ bv the attitude recently assumed by the Railway Commis- 
^^"^^^^^-n reference ta the strength of the wrought-iron girder 

Ji^^±rMzct^ for railways. It was generally understood, that 
^ ?, /^oOTt of the Oommissioners for inquiring into the 
flT^riwo structures employed on railways, was intended 
rg-tJ, or ^^ _^ .^^^ ^„d not to wrought iron, and therefore 
jr to ^P^2[ the question should be set at rest, without further 
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^, stated, that the Council had not, as 2 

n the matter, but that a course had b> 

sxpected, would lead to satisfactory resu 

\ to transmit to the Secretary, as Capti 

all the information in their possession, 

erference with engineering construction 

LL expressed himself satisfied with i 

11 confidence of the interests of the prof 

le hands of the Council, by whom, he w 

be done for insuring the position and pi 

e Members, he begged to withdraw t 

1 of the previous proceedings, — 
ttention to a model of the Torksey Bridg 
transverse section (Plate 1 1) of the bridg 
^ram* (Fig. 3, page 25), exhibitiog tb 
^riments for the purpose of showing th 
^rders, when they were, as in this cast 
ier ; or, in other words, when each con 
red as covering two openings, formed b; 
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He was much indebted to Mr. Fairbaini for pronouncing the 
bridge to be of sufficient strength ; but the investigation would have 
been more satis&ctory, if the structure had been viewed as composed 
of continuous girders, each stretching the full length of the plat- 
form, and resting upon the three points ; this would be found to add 
one-fourth to the absolute strength of the part of the girder spanning 
each opening. 

The diagram (Fig. 3, pi^e 25) had been prepared for the pur- 
pose of showing the effect of the continuity of the girder, the dotted 
line showing the curve of defiectioii, due to weighting the two 
openings equally with the weight of the structure itself alone ; the 
full line showing the deflection, due to an additional load of two 
trains of locomotives upon one span. The latter experiment proved, 
that the distance from the point of contrary flexure to the centre 
pier was less than 25 feet, causing a practical reduction of the span 
from 130 feet to about 105 feet, and adding at least one-fourth to 
the strength of the bridge. Now any principle that added one-> 
fourth to the strength of a bridge was, he considered, too important 
to be so lightly passed over ; added to which^ he thought the saving 
of cost in the construction of the work was an important additional 
consideration. 

He thought there was an error in the computation of the propor- 
tion between the bottom and the top of the girder, as it would 
appear, that the area of the rivet-holes had not been deducted from 
the former, which should evidently have been done. Now the gpross 
sectional area of the bottom being 54*93, and the rivet-holes dimi- 
nishing the area full 5*25^ an area of 49*68 would be left, making 
the proportion of 51 to 49*68, which corresponded very nearly with 
,the proportion of L2 to 11 given in the paper. 

In building the first of these girder bridges (the subject being 
new to him), Mr. Fowler had been guided by Mr. Fairbairn's pro- 
portions, as he was the constructor of the girders; and it did 
appear extraordinary, that the dimensions of a bridge of 95 feet 
span, which had now been open for traflic for full two years, differed 
materially from the dimensions given in the paper. Now as that 
bridge had performed its duty efficiently for two years, it would be 
interesting to learn why Mr. Fairbairn.had changed his views as to 
the requisite dimensions, and why that proportion of the depth to 
the span, which at so recent a period had been considered sufficient, 
should now be deemed insufficient. 

The drawing represented the strength of one girder calculated 
according to Mr. Fairbairn's proportion and formula ; therefore the 
total strength of tlie two would be equal to 1560 tons. The bridge 
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strength of a girder by finding the greatest weight it would sustain, 
and he was not aware of any received coefBcient, so large as 
20 tons to the square inch ; the largest he knew of was 16 tons. 

He agreed in the observations on the small effect of vibration, by 
railway trains, passing over bridges ; he believed it to be a mere 
ghost, raised by mathematicians to frighten ^gineers as to the 
strength of their structures, and he thought the engineers were 
bound, as standing between the mathematicians and the public, to 
apply to their deductions the principles of common sense. When 
once a certain length of girder was exceeded, the effect of concussion 
ought to be left entirely out of consideration. Mr. Fowler had 
placed on his bridge an extraordinary weight of 222 tons on one 
opening, and it was asked, what would be the effect of that weight 
in motion, treating it as 222 tons on one pair of wheels, propelled 
in a given direction ; it must be remembered, that weight would be 
distributed over 72 wheels, each having a spring, and as that weight 
could only operate on a girder through the instrumentality of the 
rails, which were nearly 6 inches in depth by 1 inch in thickness, it 
would be seen that the effect, whether vertically, or laterally, would 
be absolutely nothing on a structure of that weight and rigidity. 
The fracture of a rail, or a chair, laterally, by the acticm of a train; 
was a thing of rare occurrence, except when the carriages got off the 
line; as an engineer, he considered, practically, that might be 
omitted from consideration. It must then be supposed, thiTt the 
strain would act vertically and snap the girder; but there was 
not a rail which was not subjected, by every train passing over it, 
to a much greater strain than any on the bridge in question. In 
his opinion, the effect of concussion on any bridge of such a span, 
with girders of such dimensions, was a matter unworthy of notice. 

In making a few observations, for the purpose of showing that the 
bridge, as constructed by Mr. Fowler, and so retained, in opposition 
to the report of the Inspecting Officer, was abundantly strong, he de- 
sired it might not be supposed that he wished to reflect on that gentle- 
man, who had never shown the slightest desire to throw impediments 
in the way of any engineer, or that he should be supposed to wish 
to do more, than to have the question &irly and honestly discussed 
before the Institution. Captain Simmons had stated in his report, 
that he should be satisfied, if one opening of the bridge would sus- 
tain a load of 400 tons, with a strain of 5 tons to the inch, the dead 
weight of the bridge being 175 tons, leaving 226 tons for the rolling 
load. In order to submit it to a severe test, Mr. Fowler had placed 
222 tons on one opening, but he would ask, under what circum- 
stances of ordinary traffic was the bridge liable to be exposed to 
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Xt could only be on the supposition of three coupled 
ti^vellingr on each line, without any carriage bein^ attached 
, and meeting on one particular opening. In practice, 
oouj>Ieci engines were not often attached to a heavy g-oods 
^r^<i it ^v«ra.s not probable that three engines would often g-o out 
Tiie sixpposed test, however, required the same weight on 
riGs 5 it miglRt be 'fiiirly presumed, that one of the sets o£ 
^wo\jil<M. ttSLve sL train attached to it, and resting* on the other 
; so tha,t tlie effect would be diminished on the portion 
tlie engines rested. After subjecting the bridge to that 
o^ !223 tons, tbe deflection w^as ascertained to be li inch. 
Ig^ixrEmons said, if it would bear that weight and not have 
trsLin tliSLn 5 tons on the inch, he would be satisfied; what- 

ig^lit that was derived from, the effect on the 

Iron 'wonld be the same, and taking the strain on the 

to be ^ tons ±o the inch, the deflection ought to be 2 inches ; 
aotu£LlI:sr only 1* inch, therefore the experiment proved the 
not^ tons to the inch. Mr. Bidder had not been quite 
t:li£Lt ooint, nntil Mr. Wild's experiments, on a similarly 
l^eaTm showed the point of bearing was practically 
1 -^O f^et to 105 feet, by the continuity of the tubes, 
„ier l>y which the length of the girder, exposed to 
r.^ onl V rod need, but the weight being equally diffiised, 
?^. " ^ and therefore the deflection would be reduced 
<f inaxJMsliocJ, ^^uced the conclusion in his mind, that the 

»l>ondantly strong for all purposes of public 
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,r^ ^TTT^SON said, it was with gfreat reluctance that 
IIoi>oK:i»r»o».f» ' of Mr. Fairbairn, differing 

,l>««r^tio^ - «-^"Xions. Mr. IV^irbairn lu.d 
^__ him «* "^"!„«la with a coefficient attached, for the 
. adduced a fo'"-"^: ^ittL adequacy of that formula 
wro«&ht-»ron J"*^ . ^^^ de ^ proposed in 

y Jpo« th« *'°"rje' experiments,' many y^« ago to 

^»odski«««»^f^^Tf east-ir«n beams, he used the 

♦X.aertfc *»** ''^ ^ wT deduced from numerous 

stareng^ ^ «««<'*<"®"* t-t iron beams. This 

■^"^ ^«.rely on the tensile strong ^^ 

'»<l«*^I^:rJ«d length of tb%^^' east-iron b«ms. 
**»^ . ♦ for that material ; '*". . gg niuch metal 
>««&«*«"*' /^ould be more than twice ^ ^ 
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between the supports, _/" the strain per square inch of section, sus- 
tained at the top and bottom of the tube, and W the weight, whicb 
being laid on the middle of the tube, would produce that strain." 

iff he taken at eight tons per oquareinch, it would be n^thin the 
elastic force of the material : some tubes of simple plates had borne 
as mucli as double that pressure, or roore. 

Mr. Fairbairn asserted, that the companitiTe thickness of the top 

and the bottom of a tube, should be as 12 to 11, this having been 

the caae in the large tube made in Liondon ; but Mr. Hodgkinson 

contended, that there could be no constant proportion between the 

lhieiuies9 of the top and of the bottom. A tube of one thickness of 

metal might be well proportioned, but double the thickness would 

render it very much out of proportion. The resistance of thin 

plates to a crushing force, applied in the direction of their length, 

was found to vary nearly as the cube of the thickness. Doubling 

- For the manner of oompnUng the strength of the Conway Tube. m« 
Appeudi*, by Mr. Hodgkinson. in the Keport of the ConimiBsioner. on. the 

Strength ''"'"°°',PP- ''^^le^^lates with <»liB at the top, a» in tho«. made by 

miiZ'bC be computed, by asBnmiDB «" 

*.asiJy calcuUble. in the following intumer .- ^^ ^ 

*■'«■ ^ ■ Section =r TuN. i^^Jf =q"''^JL*.'?,^Jr££« 
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P- «,.a™ ..„,^ of «Ltio„ ther^^^ ^"^ wrmkled ^ith a few ,„,, 

^diMo„ longhadioal riba of caat irop were riveted to th. pfa*;: 
aiong- the top, to resiat compression, when the wroug-ht iron failed 
a great increase of strengiJi would thus be obtained, as had been 
abown by his experiments. 

JWr, C. H, Wii-D beg-ged first to read the fullowingr extract from 

the second report by Capt. Simoions, the GUivem meat Inspector: 

" In reply to the question, ' 'Whether if I still remain of opiniob 

that tbiB viaduct cannot be opened with safety to the public, what 

farther streng^thening will be necessary ?' I have to state that for 

reasons before adduced, I do not consider, that the viaduct can he 

opened for the continuous passage of trains, with safety to the 

ptiblicj and that it will not be, in a condition to be opened, until it 

shall iiave been so strengthened, that a load of about 4O0 tons, 

(ineltJtling the weight of the beanas themselves, and all the standing 

pofta of the bridge), distributed equally over the platform of one 

Bpan, altall not; produce a greater pressure upon the top plate of the 
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In consequence of this opinion, Mr. Wildihad, at the request of 
,- Fo-vvlG'-t entered into calcblatior.s, to ascertain what the com- 
tjie top of the bridge would be, under the pre- 



ve strain 



bed conditions, when 



t was found, that it would be less than S 



'•'^ ^ from that arrived at bf the Government Inspector recourse 
diffferod f^**^ *^riments to confirm the truth of the cale^laUons. 
^^ Jiad to T^r "TZ, poifts noticed in 3fr. Fairbairn's paper was 
^— -^ A^-^-roUider .ot only u.,hiJoso^''i^^^U^ ^^ 



»s very *^ 
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Tlie paper i 



sidered by eome engineers, 



..ant to'tte str^i.gth of ihese brid^, th^*- '"^ei^ff 
'X"»o.s, or e,.Sg over two or^ore^P^ J.. 

correct to a cortam extent, and aitno«*e 
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xlmitted, yet this consideration is purposely n^lected, in these cal 
lulations ; any auxiliary support of that kind acting merely as i 
counterpoise. It is considered safer to treat the subject on th 
>rinciple of compassing each of the spans with simple and perfect!; 
ndependent girders."* 

The importance of the effect of continuity was acknowledged b; 
ill authorities, so that it could not be admitted, that this was ai 
dement, the consideration of which might, with any propriety, b 
leglected. The Torksey bridge consisted of two openings, each o 
.30 feet ; the two being spanned by a continuous girder resting oi 
he central support. If such a beam was placed on the three sup 
)orts A,B, C (Fig. 3), and were loaded unibformly, it would assum< 
he shape of the dotted line Am'BnCr It was evident that betweei 
\. and m, the upper portion of the beam would be compressed, whils 
n the part m n, over the support, the reverse effect would be pro< 
luced ; the beam might therefore be divided into three parts. A 
he point of contrary flexure, m, all horizontal forces ceased, and ther< 
ixisted merely the vertical strain, due to the suspension, at that point 
if half the weight of the beam A m. If the continuous beam wen 
linged at the points of contrary flexure, and so divided into thre 
ndependent beams, the previously existing conditions would remai: 
inaltered. This being the case, it would be an evident error, if i 
alculating the strength of such a beam, A B only were taken as it 
ength. In order to check, practically, the calculated position g 
he point of contrary flexure, the experiment was tried on a larg 
i^ooden model, by loading it, first with such weights as represente 
he constant load due to the structure. The model beam then too 
he form shown by the dotted line in Fig. 3, and the point of contrar 
lexure was found to be 30i inches from the point B. The mode 
ras then severed and hinged at that point, when the curve an 
he deflection were found, as might have been expected, the same a 
»efore. In order to ascertain the point of contrary flexure in 
»eam loaded as prescribed by the Government Inspector, over od 
pan only, an additional weight was added, having to the weigh 
)reviously applied on that span, the same proportion as 400 tone 
he prescribed load, had to 150 tons, the weight of the structure 
he point of contrary flexure then approached to within 2 If inchc 
)f the central support. The beam was again severed and hinge 
it that point, and the curve was formed as regularly as before, th 
leflection on the heavily-loaded side being 5^ inches. The beat 
nras then cut in^half, making it into two detached beams, the end 



* Vide ante, page 6. 
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supported at both ends, and thus we have the common problem of a 
simple girder supported at both ends, and loaded wilii a weight dis- 
tributed over its whole length ; this beam being, however {for this 
is the important point), considerably shorter than the span of one 
opening of the bridge. 

*' Now, this difference of length, or, in other words, the distance of 
the point of contrary flexure from the centre pier, is determined by 
the mathematical investigation already alluded to ; — ^for the loads 
above given, it comes out something less than 23 feet, leaving 
107 feet for the effective length of the beam. The value of the 
advantage gained by the continuity of the girder is thus apparent ; 
for, instead of a girder 130 feet long, bearing 400 tons, we have, 
effectively, a girder only 107 feet long, bearing 330 tons ; giving 
an increase of strength of rather more than one-third. 

^< The remainder of the calculation, necessary to determine the 
greatest longitudinal strain on the fibres of this beam, is very simple, 
and follows the ordinary rules. 

'< The beam is supposed to be perfectly elastic, and the neutrftl line 
is found according to the well-icnown proposition, that in such a 
beam it will pass through the centre of gravity of the section. This 
brings it 56 inches from the bottom, or 64 inches from the top, of 
the girder. 

*^ The moments of the strains on each part of the section (omitting 
the rivets and angle-irons at the bottom), are then taken round the 
neutral line, and by equating these, in the ordinary manner, with 
the moments of the load on the beam, we obtain : — 
The greatest compressive strain on\ 

the top-plates of the girder, with I = 4*55 tons per sq. in. 
a load of 400 tons ... .J 
The greatest tensile strain on the) ^.qq - .- 

bottom-plates J " ?> 

*^ It is remarkable, how closely the results obtained by Mr. Wild's 
experiments agree with the results of the mathematical investigation, 
the general form of the deflexion curve being nearly identical in 
both cases, although the two classes of results were obtained entirely 
independent of, and uninfluenced by each other. 

^'The experimental distance of the point of contrary flexure, 
where the model beam was cut across, from the centre pier, is a 
little less than 22 feet ; as calculated, it is 22 feet 1 1 inches. For 
the unloaded beam, the calculation gives the distance of this 
point s= 32 feet 6 inches ; the experiment = 30 feet 6 inches. The 
experiment gives the greatest compressive strain ^ 4*67 tons ; the 
calculation = 4*55 tons. 
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The deflection ofthe bridge is, to what it would be, i 
&xtGMided over one span only, by calculation, as 100 to 
by experiment it is found to be as lOO to I SO. 

" The deBection ofthe bridge due to the rolling' Joad, ot 

ca.JctAla.tion 1-^ inch ; aud when the bridge -was loaded wi 

tive eagiaea, the actual deflexion was found to be about I 

" The most important result, however, ia that alnmd, 

reiSBtr&ncG to the strain, as this applies directly to the quest 

Btreagth of the bridge. If the experiments and calculatii 

be jrelied upon, they prove, tiiat when the bridge is loaded 

(JeSaeti test ^vdghty the utmost compressive strain on the 

the ginJePB ia less than 5 tons per square incb, and tlii 

teaaile stirain only about 4 tons per square inch. 

tt Xjet these results, therefore, be compared with the atatei 
the best autboritioB, that a compressive strain of 8 tone, 
tensile strain of lO tons, may be home without danger, 
question is at onc« decided, whether or not the Torksey b 

""?re""foflo^"T-- *!>« calculations alluded to in the fo, 
r-emarlcs :^^ 

^-™, ^^ general fi>rmuUs applicable to the Thrhsey B, 

^'""'"^'""^Jf^^^^io.. anTof perfeotiy e,a.«c ^, 

^. beam of "V"°"",,~., „;,eo polBM, A, B, .nd C (i 

The two •P"'%^ „'iB„rfy over the length of «M,h. P.O. 
«v«ly, tfc" -'?«»"nrfL';^cu,v.ofth.be.n...nd.h..tr.n 
the pW ^*- ^i, , -n C - the length of each opening. 
-^ Z StS o-er the .I»o« » "• 

r^r „„^„^ »poo ..e .-" -p- ^' =■ ^' "^': 

»* = * ^** — " iTmr^nnUnooiiiB beam 

"Jits.".?-" — * •'"^ 
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tn the fibres, or where <l>, the moment of th* 
iximum, differentiate equation (I.) and make ~ 

p 

= P, — fjiXy or a: = — at the place of greatest 

i be observed from equation (XI.), is half* i 
1 of the beam and the point of contrary flexure, 
g between equations (I.), (VIII.), and (XI] 
moment of elastic forces at the section of greatest 

ible of proof,* that iff= the longitudinal stra 
of area, on any fibre of the beam ; c = distance c 
,he neutral line, and I = the moment of inertia 
,he girder round the neutral line ; then 

f 
Moment of elastic forces = = -=^ I. 

c 

>re by equation (XIII.) 9 at the section of greatest si 

/ j^(_7ji7-^^ 

c bl2fjL 

"""^^ -^ 512 I/i 

»y using the proper value of c, will give the greatest s 
f extension or compression, on any of the fibres of the 1 
1 thus determine the strength of the beam to resist a j 

Application to the Torksey Bridge, 
following are the values of the given quantities foi 
i question : — 

/ = width of each opening = 1560 inches. 
* / = load on AB = 400 tons, or for each girder = 200 to 
^l — load on BC = 164 tons, or for each girder. = 82 tons 
E = modulus of elasticity, is taken at 10,000 tons t for a 
one inch square. 

To find the position of the neutral line, 
t is known that when the material of a beam is perf€ 
(tic, the neutral axis of any transverse section passes througli 
itre of gravity. 



' Vide Britannia and Conway Tabalar Bridges. Equation i., page 244 
I" The value used for the deflexion of the Britannia and Conway Tul] 
dges. 
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ingth was not considered sufficient. General fori] 
ly useful y but they might be misapplied, and then 
'ecord, of two engineers arriving at a different 
r calculations of the breaking weight of the f 
they both used the same rule. 
at all convinced, that a rolHog weight in mc 
more pernicious influ^ice than a weight remai 
id been asserted. The most conclusive experim 
made by the Iron Commissioners were those on 
stone bridges, as detailed in their Report; in 
. the stationary weight produced a deflexion of 
I span of 48 feet, whilst it was only increase! 
3ction when the train passed over the bridge at 
(s an hour. The experiments at Portsmouth 
the Iron Commission, though arranged with g 
insidered to be of little value, on account of 1 
k1 on too small a scale, and owing to the velo* 
:]uired too near the bottom of a curve, resembl 
)ortlon of the centrifugal railway, which he did 
isfiustory system. He thought the fairest test of 
Torksey bridge would be, to run. over it a he 
[y loaded with coal, or iron, and drawn by 1 
IS, at various velocities, firom 5 miles to 30 miles 
ins of passenger-carriages, proportionably loat 
ng at various speeds, up to 60 miles an hour ; s 
ve deflexions caused by each of these trains, wl 
d be carefully noted. The experiments thus s 
d on the bridge itself, with the heaviest goods s 
that could ever pass over it, and at the higl 
ley were capable of attaining, could not &il to 
if, as he believed, the maximum deflexion obtain 
be less than that caused by the greater weighs 
.t rest, it might be considered a decisive proof 
safety of the construction, 
ach much importance to the effects of impact f 
}e Mr. Eaton Hodgkinson's recent experiments I 
hat the shocks to which railways were liable van 
stances, from aa accidental obstacle on the ra: 
positive injury to this bridge, 
le continuity of the girders in the Torksey bridj 
ital importance, and would venture to allude to 1 
over the Dee, in confirmation of the position, 
single cast-iron girder might give way with( 
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t/iat ovez. tie Ouae a* V?^ ^ ** strong., in proportion, as 

S^nfera o^ tl,« J^ i, -Jf *«<»k«l on that want of continuity in the 
its ^iIo:re. ^tien lie first inspected it, as the sole cause of 
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hoped he might be allowed to add a few words, 
as to the effect of velocity on the safety of 
l>eeii engaged in carryingr them on. He thought 
had studied more carefully the Keport of the 
would have modified his observations, with 
increase of deflexion from velocity, in a 
span, comparing^ it with ohq of 30 feet. The 
IS given in Appendix B., of that Report, had 
irftcrease of deflexion produced by the velocity of 
rapidly, ivhen the length of the bridge was in- 
so g^reat a span as that of the Torksey bridge, 
small as to be wholly insignificant. In fiuming 
OozK&znissioners had guarded this assertion in every 
^v^S ***® theory by experiments, tried with the 
r>enziitted. hy the limited time and means at their 
Ixnents at Portsmouth were tried on bars of a 
L ^^m^ as experiments, but their leng^ of 9 £e^ was 
compared with the span of real bridges ; and it 
eiiem the increase of deflexion by velocity had 
j^ ext;ent that was of serious importance. He 
Yyy theory, and by the subsequent experiments 
the span and weight of the bridge increased, 
^^^n diminished, the increase of deflexion from 
T,«llv unimportant. The results of those inves- 
^ ^ engine»s and the pubHc, that from that 

to fear. He was quite ready to defend the 
l^e velocity was obtained, in the experiments at 
t,y aUowing the load to run down an mclmed 
'^ ,V.tinc: it by a gentle curve to the honzonlal 
"*^^t ^Jii^y overTe horizontal trial ba« He 
performing the experiments, and could not 
oenSifugal iBUway, aUuded to by Geneml 
tbe question. 
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system of construction, an antiquated formula 
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*!,- 1^ .t. ^ acidressed to Mr. Fowler several questions, as to the 

ttiiokoess o:r the ma^torial in the diflferent parts of the girders, the 
a.]-i^ngrem6nt: o£* tiio plates of iron, and the value of the angle-irons 
in ooricli:ic?xi:2^ t^o -tli^ strength. 

iia tlie vortical sides should not certainly be overlooked 

oonsidered as mere dead weight, tendiDg to 
or, or whether it contributed to the actual 
stated on the subject, in the paper, was, 
to be sufficiently rigid to retain the girder in 
a question, what thickness of metal 
purpose, and ivhat system of bracing should 
t buckling-. Acconding to Mr. Fairbaim's 
not to be considered in calculating the 
l^xrid^o, in i^hich case it would he an improvement 
^£ j.^lv' from the bridge ; or, on the other hand, 
j^ Introduced into the formula, as they would 
_. . -- 5 „ ^,-. .^iuioo themselves in the consideration of the cost of 

the 
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^ the dimensions taken for computing the sec- 

j.^j^l;3^2^ no allowance was made for the loss from 
nless this consideration was an element in the 
evidently be faulty. He could not implicitly 
£i.nd hoped it would be very rigidly examined, 
correct, it might prove very mischievous, 
themselves trouble, were very willing to 
ii: 11- came to them well recommended to their 
^«oh adoption of an empirical rule was a great im- 
«roieoting of any new system, by diverting t^e 
projeo e^^^ .^^ ^^^ ^^ action of the 
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forces, under different conditione. The pap< 

id to the recommendation of a formula, whi< 

subjected to severe scrutiny , and a more defii 

its efficiaicy should be required. 
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r the vertical sides varied in thickness ; for * 
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lom-plate, 12 inches wide and varying ij 

e of the opening to the piers, in the same 

Dlates, as shown in Fig. 5 ; but this pis 
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packing strips were considered to be ii 
tension, as the bottom plates themselves, 
lot strained in the same manner they we 
r said, that as the strength of the si 
not been given separately, he could 
culations he had made, that they were 
distributed uniformly over one opening 
glad the question of continuous beam£ 
I was well known to old carpenters, t 
two openings, the ultimate strength 
oist stretched over the two spaces, 
1 was as 2 to 3, and that result had b 
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contending forces, under different conditions. The paper appeared 
to be limited to the recommendation of a formula, which certainly 
should be subjected to severe scrutiny, and a more definite demon- 
stration of its efficiency should be required. 

Mr. FowLEB stated, in answer to Mr. Farey's questions, that 
the metal of the vertical sides varied in thickness ; for 22 feet over 
the central pier it was ^ inch thick, then for the next 34 feet it 
was ^ inch thick, then for 50 feet it was ^ inch thick, then for 
the next 84 feet it was again ^ inch thick, and for the next 12 feet 
it was ^ inch thick. In plan, for a length of 50 feet over the 
central pier, the metal of the bottom plates was i% inch thick, then 
for 20 feet it was ^ inch thick, then for 50 feet it was ^ inch thick, 
then for the next 20 feet it was again ^ inch thick, and then for 
the next 26 feet -fy inch thick (Figs. 4 and 5). There was an 
additional bottom-plate, 12 inches wide and varying in thickness 
from the centre of the opening to the piers, in the same proportion 
as the bottom-plates, as shown in Fig. 5 ; but this plate did not 
extend over the centre pier, nor above those parts of the girder 
which rested upon the abutments. , 

The vertical plates in the top were ^ inch in thickness through- 
out. Nine angle-irons only were taken into the calculation, as one- 
half of the two lower angle-irons was riveted to tlie sides. In the 
calculations, the packing strips were considered to be In as good a 
position, to resist tension, as the bottom plates themselves, but as the 
angle-irons were not strained in the same manner they were omitted. 

Mr. CoLTHUBST said, that as the strength of the sides of the 
main girders had not been given separately, he could state as a 
result of some calculations he had made, that they were equal to a 
strain of 270 tons, distributed uniformly over one opening. 

Mr. Gltnn was glad the question of continuous beams had been 
brought forward : it was well known to old carpenters, that if two 
joists spanned over two openings, the ultimate strength was not so 
great as when one joist stretched over the two spaces, in &,ct the 
difference of strength was as 2 to 3, and that result had been shown 
to obtain in the bridge in question. 

With respect to the velocity of trains passing over a bridge, it 
ought to be borne in mind, what the effect would be if the velocity 
was infinite, or nearly so, in a horizontal bridge ; he apprehended, 
that in such a case, a less strain would be thrown on the bridge than 
if the height was quiescent. 

Mr. Walkeb said, if it had not been for objections made by the 
Admiralty and their Hydrographer, to any obstruction in the way 
of the navigation of the Menai Straits, the Britannia Bridge never 
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experiments had shown the actual defle«on to be U inch, and he 
was prepared to show, that the strain did not amount to 5 tons on 
tlie square inch of section. 

• 5^ ^^^ ^'*^ directed attention to the va^ue feeling^ which ex- 
isted, that the movement of a train over a tubular b^dge, im- 
parted a great strain to the bridge, by impact, or concussion ; that 
point might henceforth be dismissed from their consideration ; 
no one had ventured to offer an opinion, that it had the slightest 
practical effect, on beams of that extent. Before such a girder 
could be injured, the rails on which the train travelled must be 
crushed, or broicen, and he believed, that the rails throughout the 
kingdom were daily and hourly submitted to a much greater strain. 
The case then resolved itself into the simple question, "Why was 
the Torksey bridge rejected, and what evidence had been given to 
justify such a step ? Captain Simmons had Mr. Fairbairn's paper 
before him, and might have' explained why he had not even acted 
on the suggestions contained in it. He thought the time had 
arrived, when they were entitled to know the real grounds on which 
the public had been deprived of the convenience of the railway, and 
the Company had been subjected to the loss they must have sus- 
tallied by its beings kept closed. ^ ^ v^ lur^ 

Mr. C. Mai^b^, Secretary, said, he was ^^^^^^^^^1 
Kairbairn. to express Ms regret l\'^^ ^^^^^ ^, Z^::^l. 
the discussion of the paper, which bad *>««" P"'P*^^'_i--i_„™ 
purpose of affordin/information to the K^'l^^ ,g""*"'XTd 
rnd^for raising a discussion before the Institution He had. 
approached the^ inquiry without any part^n «^^-|'^»°^„y 

endeavoured to bring forward only ^'^^J^^'^^f^i^nal respon- 
opposed to unnecessary interference w.t^ the prof^ ^ ^ ^^^ 

sibHity of either civil, or n.^^^' 'Z^^Top^^ns entertained 
simirar cases, he thought .t bettej.^l-^^^ J^^ ^^^ ^ , „f 

should be embodied in a P^P**"' «^^ ^ece" ve fair and candid con- 

the Institution, where *hey -"uW^Te Tad d««-««* ** ^^"^T 
sideration. In revising »>-«"* J^;^^rtion of the depth of the 
to modify his P~P<-**'««^"'„it concluded that it was preferable 
girder, to the span, *«** V^j^ er spans. ^j i„to 

to reduce the depth '«^*^^^'^Je satisfactory, for »ot ^'^ 

He thought the .f«^^"^/„irder. when calculating the j 
account the continuity ^'^f * f diflference of opinion on that p 
strength ; he was aware of the a 
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ure was to be measured by the amou 
d not gather, from anything that had 
practically any important eflfect in a 
!onstructed of materials possessing sue 
80 disposed as to exert the utmost tens 
LIS replied, that the point raised by 
n the present state of knowledge, he w 
)mniissioners had intended to have tri 
it point, in order to ascertain what ar 
} exhibited, before the breaking poin 
ught iron, as well as the effect of irapac 
iir time had expired, and their money Wi 
»f the subject could be investigated. 
ONB denied that he had made use o 
) cast iron. When he reported on the 
Ige, he took into account the area o 
'ought-iron girder; but he certainly d 
i fact of its being a continuous beam 
f^ith Mr. Scott Russell in the practlc 
•ecause he believed the beam In quest 
ver the central pier, as to support al 

brought upon it, and therefore he i 

been read, however interesting, did n 
stion. He could not subscribe to M 
he strain brought on the bridge would 
rich, because he could not admit the i 
3xtent endeavoured to be shown by the < 

that had been exhibited, 
aid, his remarks at the commencement 
ed on the objection he felt to the applic 
a, laid down by Mr. Fairbaim, and h 
i exception, that formula had been con 
it did not take into account severa 
ought to be regarded in the consideral 
lar bridges; it did not notice the effe 

quantity of metal in the sides of tl 
rial omissions, in a paper which propc 
le proportions of tubular girders. Wh< 
ilculation, that one-third of the stren^ 
'orksey bridge was derived from the i 
nust contend, that a case had been 
formula, which omitted that element fro 
iperfect, and was not to be relied on. 
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The case then resolved itself intT^W - , "*''' ^"^^ "*"^»- 

tlie Torfcsey bridee rei^T^^Ii .^ ^ ^*™P'® question. Why was 

^« public bad been deprived of the convenience ofihe nuCy^tl 
*l.e Oompany had been subjected to the loss they must have « " 
ta-ined by its bein^ kept closed. ^' 

■f*'*-^- ^- IVIawbx-, Secretary, said, he was instructed by J|fr 
f ^airbaira, to express fajs regrret at not being- able to be present at 
ehe dlsoussion of the paper, which had been prepared for the double 
pui^pose of affording' information to the Railway Commissioners 
and for raising a discussion before the Institution. He b&a 
'oacbed the inquiry without any partizan feeling, and had" 
a.voure<] to bring forward only practical £icts. He was direct]y 

innecessaiy interference with the profJsssional respoo. 
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Lid l>e eiii.l>c»died in a paper, and be submitted to the tribunal of 

Xxftstitution, where they would receive ^ir and candid con- 

'Si.tion- In revising- his iirst views, he had deemed it expediem 

odify His proposition for the propoTtion of the depth of the 

X-, to the span, and had now concluded that it was preferable 




« «^«.^^ tlie depth for the ledger spans. 

tHoug'ht the reasons were satis/actoiy^ for not taking iu^^ 
nt tlio continuity of the girder, when calcuUting^ the ultimate 
r-th 5 he was aware of the difference of opinion on that pointy 
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fer to duf6gard that element, as he ha 
per (page 6). 

be distinctly understood, that he had 
mpt to assign empirical rules for the 
anxious to submit his views and calc 
'eful consideration of the authorities < 
i have the subject fairly discussed, i 
in the accuracy of the formula, and 1 
dence by some of the first matheniati< 
[a had afforded the most satis&ctor 
found its efficiency perfectly consistei 
^plication ; nevertheless he waj» quit 
uld be most happy to receive a bettei 
id, he must still adhere to that whi 
cally correct ; and as nearly all the tub 
reeted, had been constructed accordi 
proved successful, he contended it woi 
mtil a better could be substituted for i 

lete the narrative of the events connect 

Torksey bridge, it is necessary to give 

)rts of the Inspecting Officers to the Ct 

'. of the correspondence between the Bos 

ilway on which the bridge in question i 

d December 24, 1849, Captain Simm 

le girders by bringing on to the two line 

es with their tenders, weighing togeth< 

of each beam, or tube, was found to 

IS appeared to possess sufficient stren^ 

it might come upon them in practice. 

accurate line, nor were they very a 

Ivets appeared to be not very perfect. 

in he anticipated under such a load, j 

t construction of the bridge, the 8up< 

; only about 180 tons, and that the ] 

in the event of two trains passing eac 

r a large proportion to the permaner 

; and considering also the amount of* 

d, he did '^ not feel sufficient confide^ 

tmmend the Commissioners to auth 

for the conveyance of the public, u] 

[ for stiffening the bridge." 

tain Simmons, dated January 2nd, ] 
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Fowler directed his attention to an error in his calculations, aridng 
from his having assumed 80 tons as the weight of the four engines 
and tenders, whereas their actual weight was 148 tons. Applying 
this latter weight, it was submitted, that the bridge was abundantly 
strong,'and that the deflection was less by one quarter of an inch, than 
might hare been anticipated. 

To this, Captain Simmons replied, January 5, 1850, that making 
full allowance for the error into which he appeared to have fallen 
respecting the weights of the engines, he still maintained the 
opinion, that the tubes were not sufficient to maintain continuously, 
for a long period, the strains to which they might be subjected, so 
long as they were used according to the present construction of the 
bridge. 

In a report to the Commissioners under the same date,' Captain 
Simmons reiterated his former opinion, and stated that the conclu- 
sions at which he had before arrived, still remained unshaken, and 
that he could not report that the opening of the railway for the con- 
veyance of the public would be unattended with danger. 

On the 7th of January, Mr. Fowler requested that the bridge 
might be subjected to a more severe test, suggesting that 250 tons 
should be placed upon each opening ; and he further had no hesitation 
in asserting, that the Torksey brieve was a stronger and better 
structure than any tubular girder bridge yet erected by him, and he 
believed be had constructed a greater number of large wrought-iron 
tubular girder bridges than any other engineer, and none of them 
had exhibited the slightest symptoms of weakness, or inefficiency. 

This further trial was ordered to be made, and on the 21st Ja- 
nuary, Captain Simmons reported, that on the the 1 1 th January, he 
had applied the following tests : — 

^^ Three engines, the weights of which were given to me by the 
locomotive superintendent as together amounting to 108*075 tons, 
when fully loaded, were placed upon the south road, and produced 
a deflection of the south beam of '6 of an inch, and of the north 
beam, of * 36 of an inch. 

'' Three more engines, together weighing with their loads, 
114*6125 tons, were then placed upon the north road, which in- 
creased the deflection of the south beam to 1 * 20 inch, and of the 
north beam to 1*32 inch. These deflections were entirely due to 
the temporary load, and therefore in addition to the permanent de- 
flection due to the constant load, and corresponded as closely as 
could be expected with the result, which was to be anticipated, from 
the calculations I had made from the drawings and dimensions fur- 
nished to me by the engineer, which gave a deflection of 1 * 41 inch 
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for an evenly distributed load over the whole bridge of 222*6875 
tons, which was the stated weight of the six loaded engines." 

This he considered as a verification of the former calculations, 
and therefore he remained of the same opinion as to the danger to 
be apprehended from the use of the bridge. 

The opening of the line was therefore further postponed, by order 
of the Commitidioners, for one month from the 22nd January. 

Mr. Fowler then made application for a copy of the instructions 
under which the inspecting officers acted, as their practice appeared 
to have been recently changed. 

On the 26th January, Mr. Fowler requested to be informed by 
-Captain Harness what amount of deflection in the girders of the 
bridge under a weight of 222 tons would indicate sufficient strength. 
At the same time, he directed the attention of the Commissioners to 
the difference of opinion, entertained by engineers, as to the meaning 
of the paragraph in the Report of the Iron Commission,* which was 
understood to be the basis of the nile of calculation, followed by the 
inspecting officers. It was believed, that the Iron Commission did 
not intend to give any opinion on wrought-iron girders, and that the 
multiple of 6 for cast-iron, was only tliat the ordinary passing load 
should not exceed one-sixth of the breaking weight. It was pre- 
mised, that Captain Simmons used the multiple of 6 as between the 
sum of the girders and roadway, and the greatest passing load and 
the breaking weight ; also that three times the girders and six times 
the greatest load would be sufficient. 

Mr. Fowler then furnished the Railway Commissioners with the 
opinions of several eminent engineers, in fiivour of the suffit^iency of 
the bridge, and proposed to meet the objections of the Commissionef^, 
by such an arrangement of the top planking of the platform, as 
should preclude the possibility of a greater thickness than two 
inches of ballast, ever being superposed. 

On the 21st of February, the Commissioners ordered a further 
postponement of the opening of the line for one months in conse- 
quence of another report by Captain Simmons (dated February 
20th), in which, after explaining to the Commissioners, that he had 
given the matter his most earnest consideration, — had consulted 



* " That, as it has been shown that to resist the effects of reiterated flexure 
iron should scarcely be allowed to suffer a deflection equal to one-third of its 
ultimate deflection, and since the deflection produced by a given load is in* 
creased by the effects of percussion, it is advisable that the greatest load in 
railway bridges should in no case exceed one-sixth of the weight which would 
break the beam when laid on at rest in the centre/'— Vide Report of the Iron 
Commission, page xviii. 
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tores K *''* effect of t! " ' ** apoea,.^^'' **e deto,;, . 

««n*iouou8 n» «'«°«der, that *L ^***«' that fof *' '*'^gtb- 

<»'fficS.or':r'"5 ^* *'>" conclusion T '^'"•'■ 

J>«o«Ii^"^ -^ J^-« « no decided :;thoritr" "^ °P'-- -'tft a» 
»oderfein«o», Whose V,t„y'""*'°" ^^ «" IvST,?'^ "'"'- 

states, tha.t « * .*°<*^agaiD, in speaking of f h- o ^ *"'' "houJd 
top> without ^r^tirely^^t^JZ J^'^"'^ inch pressuT^\^' 

n^rfy ,- we o«g.ht thei^fore to i^d„'ee "J ''''■*' '''' ""^ *» C 
^fi^' rr --«" f-ater, since th^ ^^^^^"7:!^ !r^^?' '» '"« 
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plates without joints i„ T '? common 
-^, .^ ,- we oug-ht thei^fo,^ to reduce L °'" ''"^ 

i^t^o, or e^en gx^ter, since the ^o^ou^^^'^P'''^ "^'^'^ '•> « 
«*,«„ of the t«be being, without J^r.SSIred^^J^rtt^"''^ 
aeraMi, in comtnenting- on an exi«.r.v^ .^ ^"*''''''**'°' 
.rt:^-«e.en feet lon^ afd :Lut sl^r/atlf ^t X ".^ 1^'^ 
pl«tes three-quarte,. of an inch thiol b^r:^tr!5*\^"'' 
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d be required to injure the tube by pressure 9 ^ 
ctive to the riveting/ 

Bight of the Menai and Conway bridges in prC>p 
id, producing vibration (about 1 to 4*5 in 
viate this danger; but it appears a questic^^n 
mnce should be made for this effect, when the | 
ariable and permanent load are altered, and, ^ 
become nearly equal to one another. The d^^j 
3lling load, stated to be 222 tons, which I saw 1.^^ 
y considerably exceeds one-fifth of the ultir^ 
the tube may be expected to bear, and it is t(^ 
^t this deflection is in addition to the constant ey 
t load. 

rn, in his letter forwarded by Mr. Fowler, sta 
), which he has in his own possession, on the fore 
ubular bridges, and on heavy weights passing ^c 
ppear to confirm the fact, that the deflection in : 
lit due to the height through which the body f; ! 
r, the deflection is the same at all velocities. 
a great extent, with Mr. Fairbaim, that the incr 1 
iity is not, practically speaking, in most cases a{ 
lieve in the present instance it would scarcely b 
^ertheless, I cannot go so &r as to attach no v 
3nt on impact, by Mr. Hodgkinson, before ^venj 
is again aggravated by the concussions caused b^ 
motion of the moving weight, 
ther remark, that in this question, much must dej 
e of the riveting ; where machines are used for 
er result may be expected than when it is don 
n the weight of hammer used, or force of blo^ 
vet-heads, will make a material difference. In 
!, from having seen several split rivet*heads, I 
ence in the workmanship." 

9 by stating, that he had again inspected the bridg 
)n had been made to its strength, — that he ha< 
Libes with reference to their workmanship, and f 
•me out in the expression of a want of confiden 
ing was certainly very imperfect, and the joints 
or very judiciously made, and the top of the gi 
)ly out of line, both horizontally and vertii 
9 opinion the opening of the line would be att< 
by reason of the insufificiency of the work. 
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^^^r ^T^J*"!" P***"*^ ""'• '*"" *^'^P**>° Simmons 1 
dently neglected the increase of strength due to the coz^! 
the tubes over the centre pier. 

Oa.pta.in Lafl^ was then iiMtnicted to examine the brid, 
tl»e result was, that on the 18th of March the openine- of ti 
-was fux-ther postponed for one month. 

In the report, dated March 16th, Captain La^ui stated, tb 
bridge remained precisely in the eame condition as when 
iEispected by Captain Simmons, on which occasion he decided 
the ^vrought-iron girders were not Bufficiently strong to ineu: 
Ba.f^t.y of public traffic, A.fler a caieful inspection of the strui 
CZ7a.ptadn X^afian entirely (MHicurred with Captain Simmons i 
opixaioris and further " that tlie openiag of the line wouJ 
cLttended ^ith danger to the public, by reason of the insufficJ 
of the ^orks." 

On the 20th of March, Mr. Fowler addressed a letter to the ( 
axiissionere, in which, after remonatradngon the shortness of them 
<,f the intended viaits of the InspectingOfficers, which hadprecli 
the f>ossibility of his being present at the inspection of the works,- 
exami»ed and commented on the report of Febmary 20th, by < 
ta.iz> Simmons, protesting against the conclusion, that five tons 
sciua-re inch was the greatest strain to which the metal in the bri 
mi«-ht be safely subjected, inasmuch as Mr. Eaton Hodgkina 
^^p^r-itOiBnta showed, that a compressive strain of eight tons 
sc]ua.re inch was perfectly safe. 

»•* ^j^ protested against the objection to the workmanship, wh 

i^Z^.icrfa DOt of the finest and most finished class, was neverthal 

attnouB A and, for all practical purposes, as good as possib 

^liuiht deflection of 1-26 inch under a weight of 222 tons 

SJIK" ^^„t^„ Simmons, appearing conclusive against any chai 

atated »>3^^^^*^'^rkmanship. Mr. Fowler therefore concluded, ti 

^e i'"P«*^^'^^' ranv^ufficiL reason for fixing upon five to^., as I 

tfa^--^ ^r^t^fa to thTch the bridge could be safely subjected, wh 

^o^^ "^C^hority had even suggested a stnun of less than e:g 

^«^^ ^?'"^ Cifvef ^ai Captain Simmons was justified i«fc 

AsSiM»i"S-' *^ ^ I;^nts for the bridge, Mr. Fowler con.end. 

^^^-^-^^-^^^ :S'''^uTr::SJit actually did comply with .ho 

»^ » -without attj 

-f^nero"* '■"'""■""T^bute Girder Bridge., .IMrf » b, CpW 
.tr.»K paper on Tobu^^ ^ „, a,od proportiom, r«»„ 

S'"-^^'i,^HU, but which rz:^„'^^,\Xi.cl.£-^-^. 
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arrived at the conelusion, that although the Torksey bridge did not 
come up to his standard, the dimensions '^ were nevertheless suffi- 
cient to render the bridge perfectly secure." This conclusion had 
been arrived at, by treating the bridge as composed of separate and 
distinct girders ; but if Mr. Fairbairn had ascertained the value of the 
continuity over the centre pier, he would have perceived the enormous 
additional strength thus imparted to the structure, and that it was 
fully equal even to the requirements of his own assumed standard. 

The condemnation of the bridge by the Inspecting Officers, could 
only be accounted for, by supposing that they had overlooked, or 
failed to appreciate, the value pf the continuity of the girders, which 
Mr. Fowler had ascertained, by experiment and by calculation, did 
actually impart additional strength to the bridge in the proportion 
of 9 to 14, and a reduction of the compressive strain upon the top 
plates to 4*60 tons per square inch. 

Under these circumstances, Mr. Fowler felt *^ it impossible to re- 
commend the Kailway Company to make any addition whatever to 
the strength of the Torksey bridge." 

At the meeting of the Institution of Civil Engineers on the 26th 
of March, the increase of strength due to the continuity of the girder 
over the centre pier, was fully demonstrated ;* but in order to induce 
conviction on the minds of the Commissioners, it was resolved further 
to test the results of the theoretical investigations, by experiments 
conducted on a large scale, and under the actual circumstances of the 
case. For this purpose Mr. Fowler obtained the assistance of Mr. 
Pole and Mr. C. H. Wild ; and proceeded with them to make a 
series of experiments on the bridge. These were tried on the 28th 
of March, 1850, in the presence and with the aid of Captain Simmons 
and Captain Lafian, and were of the following nature. 

The bridge was loaded with ascertained weights, applied in different 
ways, and the deflection of the northern girderf was taken in various 
parts of its length, before, during, and after, the application of each 
load. It was not thought necessary to observe the southern girder 
also. The manner of taking the deflection was by observations with 
a level, this being considered more convenient and satisfactory, than 
by means of a stretched wire. For this purpose a level was firmly 
fixed on the western pier of the north girder (corresponding with the 
point A on figure 3), and the horizontal wire of the telescope ad- 
justed to a horizon mark on the eastern pier (C, fig. 3). When, 
therefore, the deflections were to be taken, a stafi*, graduated with 
inches and tenths, was held at various points on the top of the girder, 

* Vide ante, page 23 et seq. 

t The line of railway at this point runs nearly East and West. 
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~d,ngs for the same ^^tZf' tJ -^ "^"T ^'^^""^y '^o 
showed the amount of alte^« r^ f"^^""' """^^^ *«'«'•«>* loada, 
^ lo thi3 manner t^e S Wn^ f 'r'' "' deflection, at that point! 
being- taken in each ^ at ™^**','!^'^«™ "^«' the observation, 
of results given h^reSSr P*'"**'^^^^*** «Pa'*» «« "toted in the table 

weis^Iit wa« ^«*;^o*^r^i?^ weight of the structure only. This 

ton^' wSf Tf ^k"1' i""^"^ "^ ^ *^ ""^'^^ ^^ *<>"« ^<^^^ total 144 
?T%T ^'J'^ '^''*^'*^.''''^' '^^ ^^^'"'" ^P«°^^ o^ the bridge 
before " readings were taken again, at the same points as 

3. Tliis load was removed, and readings were taken again witli the 
bridge unloaded. 

4. Tlie same load as in No. 2, was distributed over the eastern 
opening (B C, fig". 3), and readings were taken. 

^- Tlie load was removed, and the readings were again taken with 
tlie unloaded bridge. 

The above readings, being recorded at the time by several parties, 
'were subsequently reduced and compared as follows : — 

The mean of the readings, Noa. 1, 3, and 5, which did not differ 



o£ 



the 
the 



much from each other, was taken to represent the position 
bridge unloaded, the girders sustaining only the weight o£ 
8tru.cture. 

By comparison of this with the readings of No. 2. and No. 4, the 
effect of the load was seen, according as it was applied on the west- 
ern, or the eastern bay. 

Tbe mean of these two results, therefore, expressed the deflection 
due to tbe load, as determined by actual experiment. 

Finally, it was desirable to ascertain how far this practical result 
corroborated the theoretical deductions which had been made witu 
respect to the bridge, and the effect of the continuity of its ^t^^ture. 
For tbis purpose the deflection was computed according to tne 
mul« given in page 32 (Equation IlLy, and ^^ ^^^^ ^^^"^TeTght 
as iu tbe table, page 36 ; but using the altered data of ttie w & 
of tbe structure, and of the load applied. . , results is 

Tbe comparison of the computed and expenm©"'** 
^veu iu the following table:-- 

^ ■ ' 

* In the previous experiments this weight was assttmed to 
stl30ixt 20 tons of ballast had been removed, before the las* tria*- 



l>e 164 tons. 



but 




TDBUIAB OIBDEB BBIDGES. 

of the ToBKSET Bridge.— Comparison of the Calculated 
il Deflection, as obtained by Experiment, 28th March, 181 
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le difference between the calculated and the actu 
generally under one-tenth of an inch, a quan 
e range of errors of observation and other s 
nd therefore the correspondence between them 

tisfactory. 

[lowing extracts from a report to the Commission 
T-Officer, give his account of the result of the exp 
rder to test the value of continuity, as applied tc 
ridge, the ballast was removed from it, so as t 
iveight of which could be estimated with tolerable 
ited to 144*8 tons over each opening, to which 
^-distributed load of 144 tons, which was place( 
in succession, the deflections of each tube being 
ixperiments, at every five feet of its length. 1 
•ly corresponded with theory, the greatest ^deflec 

nagnitude of these differenqes was ascribed to a slighl 
n tibe centre supports of the girder. 



- -PeHLnts'^i:'^,':^^^^^^ ^-^--^ by calculation. 

£k.lly relied on; Mr. ^tlTr^^A^"^ "P? ^ t^^^^^^ 
l^,i.«^ingam>rd.devexypoJw;r^K^^ ^essx.. Wild and 

i^f™ trustworthy. CoVisiderinST^^^^^ 

bMdgre as a fuUy-established fe^ tlie^fore, the continuity of 
wfc«.* i3 the gx^test sLin tit maf^e ^Ij^^T^ *" ^ ^^^^^-e^ 
:.» X>™otice ; and hex^ appI^n^^L e^^^^ "Pon a„y part of it 

J:««t:it:«tio« of Civil En^^L^f. a^ ^r^^r T.^^m'^ ^ *^^ 

M xny foxroer report, I find that the eompression onthT^' , ^ 

^b^ X>oi«t of greatest strain is 4- :25 tonrind the .1 ^^ ^^'^ ^* 

• ^«c>«. 3 -PI tons persquax. inch. I^^^a :?3o tt^t STeU^. ^^ 

«^ ^^r b?/." "Tk ^'^^ ''"*'t P-- - '^ • ^ S to«s, and the co,n1^;:Li:n 
«« ±b^ bottom the same, these results beingr calculated under the 
scupposxtion that the whole sectional area, of the top, including plates 
a.ncl angr^e iirons, is effective without any deduction for the ' dimin- 
jL&bGd^ streng-th of plates joined by sing^le rows of rivets as before 
ci^5fiiC5X-il>^cI-* Sut in order that there may be no question as to the 
SLJOca.o'VLX^t 4y£ loa,d, it will be well to submit for the consideration of 
thM,^ Cfommissionersy similar results obtained with weights, concerning 
ivlxz<32x XI o Question can arise, as they can be made of loads in use at 
;ix^ j>xroserit day upon railways in the kingdom^ and may therefore 
'^^usoTMSLbly i>e expected in ther course of the public traffic to come 
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€>£ peirmanent load as reduced by ISlr. 
T>eitli t;i;>ro inches of ballast • • 16^' Z tons, 

as equally distributed at -§- ton per foot 1 73 , ^ 

Total . . . BS*1'3 tons 

SL lostdL o£ this weight upon each span, the tensile strain 
ixxcit vipoii the top, and also of compression on the bottom 
tixl>e o^ver the centre pier, will be 6 • 06 tons ; and in the 
c>xxe tx"ain» of the weight of two-thirds of a ton per foot 
M- I>otIi openings of the bridge, in consequence of the 
eexi tb,G tubes, of the rails, about three- fourths of the 
^^ tj-aixx is carried by the tube adjoining it. The tensile 
top and compression on the bottom, will therefore 
f*^^ tons per square inch, still exceeding fie amount 
' -l^rxnex- report as a maximum. 
^^y y^f^ no allowance has been made for the atr&igth of 
x-^sni^ rfiniinished by riveting, ao that it does not 
t^ t^^***^ .^^ original dimensions when submitted to a 
tlxir*^^ ^ ^^^ form of the bottom, which does not cor- 
^ elxose parts of such wrought-iron structures as 
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n heretofore erected, and are subjected to comprei 
howerer, that these heavy strains are upon a. 
ch receives direct support from the masonry bel^ 
ugh the elasticity of those points should beca 
Inuity of the tubes, would, nevertheless, as 1 
* the metal was not altogether destroyed, tend ] 
ns upon the tubes between the supports, J am 
nd that the Company be permitted to use this 
iffic, provided their engineer will make such an ar 
latform, that the ballast cannot be allo>¥ed to a 
he depth of two inches, upon which consideratioD 
lation of the weight of the structure, and also th 
lid be applied from time to time, with occasion; 
•in officer of this department, who would report wj 
: of traffic, the elasticity of the metal giving' the 
y to the bridge over the two spans remain unimpaij 
i 6th of April the Commissioners informed the Seci 
3hester, Sheffield, and Lincolnshire Railway Compa 
reconsidered the question of the propriety of allow; 
! opened, and having received a further report on the 
)rksey bridge, they were willing to allow it to be u^ 
iffic, on being infoimed that the reconunendations as 
id been complied with, and on receiving an assurance 
iny, that should it appear necessary to the Inspecting G 
:ure period, on an examination of the bridge, that it req 
iDgthened, the railway company would promptly attei 
stions. 

teration in the planking of the platform, limiting the tl 
allast to 2 inches, as offered by Mr. Fowler (page 
made, and on the 25th of April formal permission 
by the Commissioners for the opening of the line.- 
ad an important line of railway been arbitrarily closed 
f upwards of four months, and a bridge been condemnec 
ich, when examined by practical engineers, had been proi 
ample strength, and all this in consequence of the attempt 
the system of centralization and of Government siipervisic 
3 found to be so pernicious in Continental States, and t 
!nt of officers who possessed undoubted skill for their on 
ailitary duties, but who were placed in a false position whe 
entrusted with the execution and control of civil works 
heir previous pursuits precluded thdr obtaining a practice 
). Sec. Inst., C.E. 
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